Abstract: This paper examines the linkages among the stock markets of Portugal, Ireland, Italy, Greece, Spain and India using the vector autoregressive multivariate exponential generalised autoregressive conditional heteroskedasticity (VAR-MVEGARCH) model. We also examine the return and volatility spillover between the Indian stock market and each market from the PIIGS economies using the VAR-bivariate-EGARCH model. We observe strong evidence of a return and volatility spillover effect from Greece to India from both the bivariate and multivariate models. Greece acts as a major source of information influencing the volatility process of the other markets.
Introduction
The PIIGS economies (Portugal, Ireland, Italy, Greece and Spain) are at the centre of study worldwide due to the current European debt crisis. The PIIGS countries have experienced similar economic conditions and financial problems over the past several years. The constituent countries of the PIIGS economies have common high levels of government debt, recently low GDP, high public-spending, high unemployment, high labour costs, financial sector problems and an inability to deal with debt. The European banks are looking to withdraw credit in order to shrink their balance sheet. This action can adversely affect the impact of the debt crisis on other economies, as well. The debt problem in the PIIGS economies and other European economies is likely to remain a concern in the future also. Table 1 presents the numbers related to the indicators as of May 2012 and December 2009 for the stock markets under study. India is the largest market when measured in terms of market capitalisation in both 2009 and 2012. Portugal, Italy, Greece and India show a substantial decline in market capitalisation with respect to world capitalisation over this period. However, Ireland and Spain exhibit an increase in market capitalisation with respect to world markets. At the same time, Portugal, Greece and Spain have shown a significant fall in their market capitalisation as a percentage of their GDP. India also shows a decline in its market capitalisation as a percentage of the GDP, but this decline is very small in percentage when compared with the other markets under study. We observe an increase in market capitalisation as a percentage of the GDP for Ireland and Italy. This indicates that Portugal, Greece and Spain have suffered a lot due to the debt crisis in Europe. Source: Bloomberg database A significant portion of India's export goes to the PIIGS economies in the form of IT services, consumer durables and pharmaceuticals. The slowdown in the PIIGS economies has also moderated capital flow into India. The adverse impact of the debt crisis in Europe has created an environment of uncertainty that has a bearing on the Indian economy, too. Currently, India is facing problems of high inflation and the weakening of the rupee and the Reserve Bank of India has raised key interest rates more than a dozen times in the past two years. The European debt crisis is limited in scope to not just Europe but has a spillover effect around the globe affecting the financial health of developed and developing economies. In addition, the Greek debt default, which has already affected the European banking and financial sectors, is expected to spillover to the other European nations and developing economies such as India. Hence, it is important to study the spillover effect of the present crisis in the PIIGS economies as it affects the Indian stock market. The inter linkages of stock markets around the globe are of great importance to market participants. The level of integration depends on various factors, such as changes in macroeconomic factors and changes in economic and political cooperation among markets. Increased stock market integration within the PIIGS economies may also have important implications for relationships with other non-Eurozone markets such as India. Billio and Pelizzon (2003) , Baele (2005) , Kim et al. (2005) , Hardouvelis et al. (2006) , Bartram et al. (2007) and Savva et al. (2009) studied the inter linkages among major European stock markets. To our knowledge, no study to date has investigated the impact of the present crisis in the PIIGS economies on India using a multivariate model, which controls for the interaction effect and the spillover effect.
Owing to globalisation of financial markets around the globe, the impact of market shocks originating in one economy is not limited to the local market but may spread to other economies that have economic or trade links with the shock originator. Hamao et al. (1990) apply a univariate GARCH-M specification to examine the volatility spillovers between the stock exchanges of the USA, Japan and the UK and find significant (unidirectional) shock spillovers from the UK and the US stock markets to the Japanese market. Karolyi (1995) examines the dynamic interaction between the first and second moments of the US and Canadian stock market returns using multivariate GARCH model and find short-lived price spillover between the US and Canadian stock markets. Koutmos (1996) investigates the dynamic first and second moment interactions among four major European stock markets (the UK, France, Germany and Italy) and finds multidirectional lead/lag relationships and a significant asymmetric volatility transmission among all four markets. Theodossiou et al. (1997) examine the interrelationship in the stock markets of the USA, Japan and UK for the period from 1984 to 1994 using multivariate Generalised Autoregressive Conditional Heteroskedasticity (GARCH) model, and find significant volatility spillovers from the USA and Japan to the UK. Booth et al. (1997) investigate the price and volatility spillover among the four Scandinavian markets using multivariate EGARCH model and find significant price and (asymmetric) volatility spillovers among the Swedish, Danish, Norwegian, and Finnish stocks markets. Kanas (1998) examines the volatility spillover among London, Paris and Frankfurt using a bivariate EGARCH model and finds reciprocal spillovers between London and Paris, and Paris and Frankfurt, together with unidirectional spillovers from London to Frankfurt. Fratzscher (2002) studies the shock spillover from the US and European markets to 16 domestic European equity markets using a trivariate GARCH(1,1) model with asymmetry and threshold effects and finds that shock spillovers from the aggregate European market are relatively more important than the shocks originating from the USA and that the shock exhibits an asymmetric behaviour. Billio and Pelizzon (2003) examine the volatility spillover effect from the world index to European markets using multivariate switching regime models and find that the volatility spillover effect from the world index to European markets has increased after the Economic and Monetary Union (EMU). Baele (2005) examines the magnitude and timevarying nature of volatility spillovers from the aggregate European market and US market to 13 local European equity markets using a regime switching volatility model and makes inferences that are similar to the study of Fratzscher (2002) . He also finds some evidence of contagion from the US market to a number of local European equity markets during periods of high world market volatility. Kim et al. (2005) investigate the impact of the European Monetary Union (EMU) on the markets' integration using a bivariate EGARCH model and find a regime shift in the European markets' integration with the introduction of the EMU. Bartram et al. (2007) examine the impact of the introduction of the Euro on the relationship among 17 European stock markets using a time-varying copula model and find that markets dependency has increased after the introduction of the common Euro currency. Mukherjee and Mishra (2010) examine the return and volatility spillover among Indian and developed Asian emerging economies using the GARCH class of models and find that information transmission from the stock markets of Hong Kong, Korea, Singapore and Thailand significantly impact on the Indian stock market and furthermore, the stock markets in Pakistan and Sri Lanka are significantly impacted by the information shocks originating from India. Lee (2009) examines the volatility spillover effects among six Asian country stock markets (India, Hong Kong, South Korea, Japan, Singapore and Taiwan) using bivariate VAR(p)-GARCH(1,1) model and finds that there are statistically significant volatility spillover effects within the stock markets of these countries. Savva et al. (2009) examine the impact of the introduction of the euro on the stock markets' interaction in the New York, London, Frankfurt and Paris and find evidence of a return and volatility spillover effect from foreign markets with asymmetries in volatilities and conditional correlations. Singh et al. (2010) examine price and volatility spillovers across North American, European and Asian stock markets (including India) using a VAR model and the AR-GARCH model and find a greater regional influence among the Asian and European stock markets. Beirne et al. (2010) examines global and regional spillovers in local emerging stock markets (including India) using trivariate VAR-GARCH(1,1)-in-mean models and find that spillovers from regional and global markets are present in the vast majority of emerging markets and moreover, spillovers in mean returns dominate in emerging Asia and Latin America and spillovers in variance are significant in emerging Europe.
The central aim of this paper is to examine the dynamic first and second moment interactions among the stock markets from the PIIGS economies (Portugal, Ireland, Italy, Greece and Spain) and India using the vector autoregressive multivariate exponential GARCH (VAR(1)-MVEGARCH) model. It attempts to analyse the lead/lag relationships among the stock markets of the PIIGS economies and India. The multivariate analysis provides evidence in support of return and volatility spillover from Greece to India. Furthermore, we apply the vector autoregressive bivariate exponential GARCH (VAR(1)-BVEGARCH) model to examine the interrelationship between India and the stock markets from the PIIGS economies. The bivariate analysis also provides evidence in support of return and volatility spillover from Greece to India. Moreover, the results provide evidence in support of return spillover from Spain and Italy to India and vice versa and volatility spillover from Portugal to India. The significant value of the asymmetry coefficient (δ i from EGARCH model) for Portugal, Ireland, Spain and India supports the contention that both the size and the sign of innovations are important determinants of volatility spillover across these markets.
The remainder of the paper is organised as follows: Section 2 introduces the methodology we will use in this study. Section 3 describes the data and discusses the preliminary results. Section 4 reports the empirical results and Section 5 concludes with a summary of our main findings.
Methodology

The multivariate VAR-EGARCH model
Suppose R i,t is the percentage return for market i at time t. We model the spillover in mean returns by a vector autoregressive model of order 1 (VAR(1)). The VAR(1) acceptably captures the dynamics in market returns and reflects the quick response of markets to new information. Hence, the return for market i at time t is modelled as: 
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where  i,j,t is the conditional covariance between markets i and j and z i,t is the standardised residual (i.e. z i,t =  i,t / i,t ). Equation (2) describes the conditional variance of returns of each market as an exponential function of its own past as well as cross-market standardised residuals. In equation (3), f(.) is an asymmetric function of past standardised residuals. The asymmetry in volatility transmission can conveniently be examined based on the partial derivative of the asymmetric function f j (z j,t ) with respect to z j,t .
Thus, the coefficient α i,j captures the asymmetric influence of cross-market information shocks on the conditional variance of each market (i.e. volatility interactions or spillovers) for i  j. The term (|z i,t-1 | -E|z i,t-1 |) measures the magnitude effect, i.e. when
2 will be positive (negative) if the magnitude of z i,t-1 is greater (smaller) than E|z i,t-1 |. On the other hand, the term δ j z i,t-1 measures the sign effect which may reinforce or partially offset the magnitude effect depending on the sign of the coefficient and the sign of the residuals. This indicates that higher volatility follows the stock market declines in market i (z i,t-1 < 0) than the stock market advances (z i,t-1 > 0). The persistence of the volatility is measured by the coefficient γ i as given in equation (2).
Relative asymmetry of market i (RA i ) is defined as |−1+δ i |/(1+δ i ) which is greater than, equal to, or less than 1 for negative asymmetry, symmetry and positive asymmetry, respectively.
The persistence of volatility can also be quantified by the half-life (HL), which indicates the time period required for the impact of a shock to reduce to its one half:
The conditional covariance specification in equation (4) captures the contemporaneous relationship between returns of the markets. This specification presupposes that the correlation between the returns of markets i and j is constant. With the assumption of normality of the conditional distribution of the variables, the log-likelihood function of the multivariate EGARCH model can be written as:
where  is the number of equations, T is the number of observations,  is a (n × 1) vector of parameters (where n is the number of parameters, suppose n = 6) to be estimated,
is a (1 × 6) vector of residuals at time t, S t is the (6 × 6)
time varying conditional variance-covariance matrix with diagonal elements being the variance as given in equation (2) and the cross-diagonal elements being covariance as given in equation (4). Finally, the non-linearity in the arguments () of the likelihood function in equation (7) indicates that we need to use a numerical maximisation procedure as developed by Berndt et al. (1974) . Engle and Ng (1993) proposed the sign bias, negative size bias, positive size bias and joint tests in standardised residuals to determine the response of the asymmetric volatility models to news. Suppose S t -is a dummy variable that takes value 1 if  t-1 is negative and
Engle and Ng's (1993) test for asymmetry in volatility
S t
+ is a dummy variable that takes value 1 if  t-1 is positive and zero otherwise. The regression equations for the sign bias, negative size bias, positive size bias and joint tests are as follows: Sign bias test:
Negative size bias test:
Positive size bias test:
Joint test:
where a, b, c and d are constants and e t is the residual series of the regression equations.
Data and preliminary data analysis
Data and descriptive statistics
In order to investigate the return and volatility spillover effect among the stock markets of the PIIGS economies and India, we use weekly price data of six indices associated with the respective stock markets. 
where P i,t is the value of the index i at time t and ln (.) is the natural logarithm. Table 2 presents the trading hours of the PIIGS and Indian stock exchanges in local time and in Greenwich Mean Time (GMT). The Portuguese, Irish, Italian, Greek and Spanish markets operate synchronically for most of the trading period, with the Portuguese market opening 1 hour after the opening of the other markets from the PIIGS economies. The Indian market opens about 4 hour 15 minutes ahead of the opening of the stock markets from the PIIGS economies, with the Irish market opening after 4 hour 5 minutes. This indicates that the opening of the Indian market may be impacted by information contained in the previous day's PIIGS stock markets' closing prices. Similarly, the opening of the PIIGS markets may be impacted by the information contained in the same day's closing prices in the Indian market. The overlapping trading period of about 3 hours between the Indian market and the PIIGS markets may impact them synchronously, as well. Since we examine the return and volatility spillover based on weekly data series in this study, such asynchronous trading hours between the Indian market and the PIIGS markets may not impact our analysis. Table 3 provides the descriptive statistics of the weekly returns of all the indices under study. The mean positive weekly return in the Indian market suggests that only the Indian market (in comparison with the PIIGS markets) is profitable on average over the sample period. Moreover, the median weekly return is higher for India followed by (in descending order) Ireland, Italy, Spain, Greece and Portugal. ATG index (Greece) seems to be more volatile than the other indices and PSI-20 (Portugal) shows the least volatility in its index values. Jarque-Bera and Shapiro-Wilk statistics confirm the significant non-normality in the daily returns of all the indices. The ARCH-LM test provides evidence in support of the presence of conditional heteroskedasticity in the return series. All the indices exhibit significant negative skewness and excess kurtosis, which confirms the leptokurtosis in the distribution of returns of all the indices. The Box-Pierce Q-test strongly rejects the presence of no significant autocorrelations in the first 20 lags for all the return series at conventional level of significance. Table 4 presents the results of the unconditional correlation for the PIIGS and Indian markets. Results indicate that PIIGS markets are relatively strongly correlated among themselves.
Preliminary analysis
Unconditional correlation analysis
The Indian market has a relatively weak positive correlation in comparison with the markets of the PIIGS economies.
Asymmetry in volatility
In this section, we examine the possibility of asymmetry in the volatility processes. The extant literature has documented evidence that financial time series respond differently to positive news (positive return shocks) when compared to negative news (negative return shocks). In some markets, an unexpected negative shock is followed by greater volatility than an unexpected positive shock of the same magnitude indicating that positive and negative news have asymmetric impact on future conditional volatility. The standard GARCH model overestimates volatility under the impact of positive shocks and underestimates volatility due to negative shocks. Hence, it is necessary to examine the behaviour of the volatility of the stock markets from the PIIGS economies and India. To do this, we first estimate the univariate GARCH model (results not shown) for each market. The standard GARCH model is given as:
where ω > 0, and α(L) and γ(L) are polynomials in the backshift operator L (L i x t = x t-i ) of order q and p, respectively. Equation (5) can be rewritten as infinite-order ARCH process (assuming that α i ≥ 0 and β i ≥ 0 for all i),
where 2 2 t t t      is interpreted as an innovation for the conditional variance, which has a zero mean and is serially uncorrelated and
 . The GARCH model has the tendency to capture volatility clustering and it responds symmetrically irrespective of good or bad news.
We apply the method proposed by Engle and Ng (1993) on the standardised residuals from the univariate GARCH models as given in equations (8)- (11) to test the sign bias, negative size bias, positive size bias and joint tests in standardised residuals and to examine the response of the volatility models to news. Table 5 reports the Engle and Ng's (1993) test for asymmetry in volatility of the stock markets from the PIIGS economies and India. The results indicate a mixed inference. Ireland, Italy and India exhibit strong evidence of an asymmetric effect in their volatility processes. Portugal exhibits moderate signs of asymmetry in its volatility process. On the other hand, Greece and Spain do not seem to exhibit any sign of asymmetric effects in volatility. The Exponential Generalised Autoregressive Conditional Heteroskedasticity (EGARCH) model can be used to capture the asymmetric response of volatility to news of a scalar time series. However, to capture the interactive impact among the PIIGS economies and India, a multivariate EGARCH model seems more appropriate.
Empirical results
Return and volatility spillover effect using vector autoregressive bivariate exponential GARCH (VAR-BVEGARCH) model
First off, we examine the return and volatility spillover between India and each market from the PIIGS economies. The VAR(1)-BVEGARCH (1, 1) model captures the asymmetric interaction of returns and volatility between the two markets as well as the volatility clustering phenomenon. This model also avoids the non-negativity constraints in the GARCH framework by specifying the logarithm of the variance. Tables 6-10 report the parameters estimate and post-estimation diagnostics for the VAR(1)-BVEGARCH(1,1) model to study the return and volatility spillover between India and the PIIGS economies. The significant values of the coefficient β 21 in Tables 6-10 indicate that the return in the Indian market is predominantly affected by the return spillover from the markets of Italy, Greece and Spain instead of its own past returns. It should be noted that the influence of Greece on India is higher than the influence of Italy and Spain. On the other hand, the significant values of β 12 for Italy and Spain also provide evidence in support of a return spillover from India to Italy and Spain. Neither Portugal nor Ireland is influenced by the past returns of India and vice versa. The value of the coefficient α ii captures the impact of the self-market lagged innovation on the conditional volatility of the market. The significant value of α ii for all the indices under study indicates that the conditional volatility in these stock markets is highly influenced by its own lagged innovations. On the other hand, α ij captures the volatility spillover effect from market i to j. The significant values of α 21 for Portugal and Greece indicate a significant volatility spillover effect from Portugal and Greece to India. We do not find any evidence of volatility spillover from Ireland, Italy and Spain to India. The parameter γ i captures the persistence of volatility in market i. For the stable volatility process, the value of persistence parameter should be less than 1. The value of γ i is significant and less than 1 for all the cases. The higher the value of γ i (but less than 1), the higher the tendency for volatility shocks to persist. The term HL i (called half-life) measures the time spent (here, in weeks) for the impact of a shock to be reduced to half its original size. The value of HL i is the highest for Greece (36.490 weeks) followed by Italy (27.364 weeks), Ireland (18.848 weeks), Portugal (16.907 weeks), Spain (15.059) and India (varies between 5.650 weeks and 3.372 weeks) indicating that India exhibits the lowest level of volatility persistence and Greece exhibits the highest level of volatility persistence among all the markets under study. The significant value of δ i provides evidence in support of the presence of asymmetric volatility in the stock markets of the PIIGS economies. The value of relative asymmetry is greater than 1 for all the markets except for Ireland, which suggests that the negative shock in the previous period significantly increases the conditional volatility of the current period for all the markets except for Ireland for which the relative asymmetry is less than 1 indicating that the negative shock in the previous periods in Ireland decreases the conditional volatility of the current period.
The insignificant value of the Kolmogorov-Smirnov test statistic at the 1% level of significance provides support for the normality of the standardised residuals for all the indices under study. In addition, the insignificant value of the Ljung-Box Q-statistics (20) indicates the absence of dependence in the standardised squared residual series of all the markets. The ARCH LM statistics clearly indicates the absence of heteroskedasticity in the standardised innovations because the VAR(1)-BVEGARCH model captures the heteroskedasticity present in the series. The results also suggest that there is no sign bias and size bias in the standardised innovations indicating that the VAR(1)-BVEGARCH model adequately captures the asymmetry in the volatility process.
Return and volatility spillover effect using the vector autoregressive multivariate exponential GARCH (VAR-MVEGARCH) model
In this section, we examine the return and volatility spillover effect among the markets from the PIIGS economies and India using the VAR(1)-MVEGARCH(1, 1) model. Table 11 reports the maximum likelihood estimates of the VAR(1)-MVEGARCH(1, 1) model. The results for return spillover indicate that neither the Portuguese nor the Irish markets influences the other markets in the PIIGS economies and India. However, we find evidence of moderate return spillover (significant at 10% level of significance) from the Italian stock market to the Portuguese and the Irish stock markets. The stock market in Italy exhibits a return spillover effect from the Spanish stock market. Only the Greek stock market is influenced by the lagged return from the Indian stock markets. In addition, we find strong evidence of return spillover from Greece to India which also confirms the results obtained by bivariate models. The results from the interaction in the first moment suggest that no market significantly acts as a major news generating player in the group of stock markets under study. Now we turn to analyse the second moment interaction among the stock markets from the PIIGS countries and India. The conditional volatility in the Portuguese stock market is significantly influenced by the volatility shock spillover from itself and from the other stock markets under study except from the Irish stock market. The conditional volatility of the Irish stock market is significantly influenced by its own lagged innovations as well as the lagged innovation shocks from the other stock markets. At the same time, there is significant volatility spillover effect from Greece and Spain to the Italian stock market. The conditional volatility in the Italian stock market is also influenced by its own lagged innovation shocks. The conditional second moment of the Greek stock market is influenced only by its own lagged volatility shocks. Moreover, there is significant volatility spillover from the Portuguese and Irish stock markets to the Spanish stock markets.
Table 11
Parameter estimates for the VAR-MVEGARCH model Past innovations in the Spanish stock market also influence the subsequent conditional volatility in the same market. Finally, only the Greek stock market is significantly influenced the conditional second moment of the Indian stock market, which confirms the similar finding from bivariate analysis of the Indian stock market. The persistence parameter (γ i ) is significant and high (but less than 1) in all the markets under study indicating that volatility shocks persist over a longer period of time in all interacting markets. We also compute the half-life (HL i ) for all the markets which range between 20.612 weeks (for Greece) to 9.551 weeks (for Spain). The half lives of the other stock markets lie in between these two. The asymmetry parameter (δ i ) is significant for Portugal, Ireland, Spain and India indicating that the nature of past news is important for the volatility spillover process in their stock markets. In addition, the value of relative asymmetry is less than 1 for Italy and India suggesting that the negative shock in the previous period in Italy and India significantly decreases the conditional volatility of in the current period. On the other hand, the relative asymmetry is greater than 1 for Portugal, Ireland, Greece and Spain which indicates that the negative shock in the previous period in these stock markets increases the conditional volatility in the current period. Table 12 presents the residual diagnostics of the VAR(1)-MVEGARCH(1,1) model applied to the stock markets from the PIIGS economies and India. The KolmogorovSmirnov statistic D is insignificant for Italy, Greece, Spain and India at 1% level of significance indicating the normality of their standardised residuals. Italy and Spain show signs on non-normality at 5% level of significance and standardised residuals from the Indian stock market exhibit non-normality at 10% level of significance. The Ljung-Box statistics for standardised residuals and squared standardised residuals are insignificant at 1% level of significance indicating the absence of linear and non-linear dependence in the series for all the markets. The insignificant value of the ARCH LM statistic clearly indicates the absence of heteroskedasticity in the standardised innovations. To test whether the asymmetry in the volatility persists, we apply Engle and Ng's (1993) test as given in equations (8)-(11). The insignificant values of the sign bias, negative size bias, positive sign bias and joint bias test indicate that the VAR(1)-MVEGARCH(1,1) model is better able to capture the asymmetry in the volatility process satisfactorily. Table 13 presents the correlation structure of the PIIGS economies and India implied by the VAR(1)-MVEGARCH(1,1) model. The results indicate a significant reduction in the correlation among the six stock markets when compared with the unconditional correlation structure given in Table 4 . The results confirm the findings of Koutmos (1996) that the pair-wise correlation coefficients exhibit a significant reduction when conditional heteroskedasticity and the interaction among markets are accounted for in the model. This suggests that the unconditional correlation coefficients overstate the degree of similar behaviour of the series and understate the risk associated with the portfolio comprising of assets from different markets. 
Conclusion
In this paper, we have investigated the return and asymmetric volatility spillover effect among the stock markets of the PIIGS economies and India. We have made use of the VAR(1)-BVEGARCH model to examine the dynamic first-order and second-order moment interactions between the Indian market and each market from the PIIGS economies. The results support the hypothesis of a return spillover from Italy, Greece and Spain to India. At the same time, we also observe weak evidence of a return spillover effect from the Indian market to Italy and Spain. We also provide evidence in support of an asymmetric volatility spillover effect from Portugal and Greece to the Indian market. The results also indicate that there is no significant volatility spillover effect from the Indian market to any of the markets from the PIIGS economies. In addition, we apply the VAR(1)-MVEGARCH model to investigate the multidirectional lead/lag interactions among the PIIGS markets and the Indian market. We document weak evidence of a return spillover from the Italian to the Portuguese and the Irish stock markets. We also observe a return spillover effect from Spain to Italy, from Greece to India and from India to Greece. This indicates that no market acts as a major news generating player in the group of stock markets under study. Our findings indicate a volatility spillover effect from Portugal to Ireland and Spain; from Ireland to Spain; from Italy to Portugal and Ireland; from Spain to Portugal, Ireland and Italy; and from India to Portugal and Ireland. Moreover, Greece plays a major role in the volatility spillover effect to the other economies under study except for Spain. The results from the sign bias, the negative size bias, the positive sign bias and the joint bias test indicate that the multivariate model satisfactorily captures the asymmetry in the volatility process. Multivariate modelling of return and volatility interactions provides substantially smaller correlation estimates which indicate that ignoring interrelationship among markets while modelling the second moment overstate the cross-correlation which in turn understate the potential for portfolio diversification.
